As currently classified, Clostridium botulinum is distinguished from other clostridia by the production of a neurotoxin that causes botulism paralysis. Seven immunologically distinct botulinal toxins (types A through G) are produced by strains of C. botulinum (22) . Toxin types A through F have been implicated in human botulism or animal botulism or both. Toxin type G has been isolated from soil samples (9) and autopsy specimens (23) but has not been clearly implicated as the cause of paralytic illness or death. C. botulinum is divided into four metabolically distinct groups; groups I through 111 contain multiple toxin types, and group IV contains only toxin type G (22) . Each group has a phenotypically similar, nontoxigenic counterpart, which for groups I and 111 are Clostridium sporogenes and Clostridium novyi type A, respectively (22) . A species name has not been proposed for the nontoxigenic strains of group 11.
Clostridium subterminale is the nontoxigenic phenotypic counterpart of C. botulinum toxin type G (22) . Clostridium hastiforme is another nontoxigenic species that is phenotypically similar to C. subterminale, except that it may be less proteolytic, does not produce hydrogen, and produces terminal rather than subterminal spores (4). Genetic relatedness among toxigenic strains of C. botulinum groups I through 111 and their nontoxigenic counterparts has been studied previously (12, 13, 20, 21, 25) , but similar studies to compare C. botulinum toxin type G, C. subterminale, and C. hastiforme have not been done.
The purpose of this study was to examine the taxonomic relationships among C. botzilinum type G , nontoxigenic C.
subterminale, and nontoxigenic C. hastiforme.
MATERIALS AND METHODS
Bacteria. The strains which we used are listed in Table 1 .
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The nine strains of C. botulinum type G include two (BL 4853 and BL 1353) derived from the original Argentinian soil isolate (strain 89) (9), as well as a second Argentinian soil isolate (BL 714) .
Phenotypic characterization. The procedures and media used for culturing and characterizing the organisms have been described by and Lombard and Dowell (15, 16) . Each strain was inoculated into chopped meat-glucose-starch broth (8) and incubated for at least 48 h at 35°C in an anaerobic glove box containing 85% N,, 10% H,, and 5% CO,. Subsequent streaking onto anaerobic blood agar (8) and Centers for Disease Control-modified McClungToabe egg yolk agar plates (8) yielded isolated colonies, which were observed for their colonial and cellular morphology, Gram stain reaction, production of spores, motility, and ability to grow in the presence or absence of oxygen. They were tested for their ability to ferment 15 carbohydrates; for production of indole or indole derivatives (7, 16), urease, catalase, lecithinase, lipase, deoxyribonuclease, and hydrogen sulfide; for hydrolysis of esculin, starch, and gelatin; and for digestion of milk. They were also tested for their ability to degrade 21 substrates in the AN-IDENT (Analytab Products, Plainview, N.Y.) and 18 substrates in the RapID ANA (Innovative Diagnostic Systems, Inc., Atlanta, Ga.) microtest systems. Strains were analyzed for their metabolic acid end products in peptone-yeast extract-glucose medium (8) by gas-liquid chromatography (15). Indole and indole derivative(s) were tested by adding 2 drops of 1% p-dimethylaminocinnamaldehyde reagent to a paper disk on LombardDowell agar containing a 48-h growth of the test organism. The presence of indole and derivative compounds was detected by color changes after the addition of the pdimethylaminocinnamaldehyde reagent; a positive indole reaction was indicated by development of a blue or bluish green color within 30 s, while a lavender to violet color denoted a positive reaction for an indole derivative. Toxicity and neutralization tests. All strains of C. botulinum and the two strains designated as Clostridium sp. were tested for their ability to produce toxin by mouse toxicity tests, and the toxins were identified by neutralization with specific antitoxins (6). All strains received as C . subterminale and C. hastiforme were previously determined to be nontoxigenic in the Botulism Laboratory, Centers for Disease Control.
DNA studies. For the deoxyribonucleic acid (DNA) studies, each strain was inoculated into chopped meat-glucosestarch broth (10 ml) and incubated for 48 h at 35°C in an anaerobic glove box. The resulting cultures were used to inoculate 20 large (150-mm) egg yolk agar plates by spreading enough of the broth culture to cover the entire agar surface. The plates were incubated anaerobically for 48 h at 35°C. Cells from each plate were suspended in 2 ml of 0.15 M NaCl-0.1 M ethylenediaminetetraacetate (pH 8.0), and the suspended cells from all of the plates were combined. The cells were lysed by a modification of methods described by Lee and Riemann (13) and Nakamura et al. (21) . Lysozyme (Worthington Diagnostics, Freehold, N.J.) was added to a final concentration of 1 mg/ml, and the mixture was incubated for 30 min in a 37°C water bath. Following this, 0.1 volume of 1% sodium dodecyl sulfate-O.l M tris(hydroxymethy1)aminomethane-0.1 M NaCl (pH 9.0) was added, and pronase (grade B; Behring Diagnostics, La Jolla, Calif.) was added to a final concentration of 1.0 mglml. This mixture was incubated for 30 min at 37°C.
DNA was isolated by modifications of the method of Marmur (17) as described by Brenner et al. (3) . Purified, double-stranded DNA was fragmented by sonication at 4"C, using three 15-s bursts. The purity and concentration of each DNA solution were determined spectrophotometrically. DNA was labeled in vitro with [32P]deoxyribose cytidine triphosphate by using a nick translation reagent kit (Bethesda Research Laboratories, Inc., Gaithersburg, Md.) and the protocol recommended by the manufacturer. DNA relatedness was determined by the hydroxyapatite method, as described by Brenner et al. (2, 3). DNA relatedness was calculated as follows to obtain the relative binding ratio (RBR): RBR = [(duplex radioactivity in heterologous reaction)/(duplex radioactivity in homologous reaction)] x 100. All reactions were done at least twice. The thermal denaturation temperatures of the related sequences were determined by washing the reassociated, hydroxyapatite-bound DNAs at increasing increments up to 100°C. As DNA was denatured, it was eluted from the hydroxyapatite. The temperature at which 50% of the bound DNA was eluted was the thermal elution midpoint. Each degree of lower stability in a heterologous duplex compared with the stability of the homologous duplex indicates an approximate 1% increase in unpaired bases within the double-stranded DNA sequence (1, 3). This value is expressed as divergence and was calculated to the nearest 0.5%. The guanine-plus-cystosine contents of DNAs were determined by the thermal denaturation method (18). RESULTS DNA studies. Labeled DNA from C. botulinum type G strain BL 4853 was 90 to 100% related to DNAs from the eight other C. botulinum type G strains in both 50 and 65°C reactions, with 0 to 0.5% divergence in related sequences ( Table 2) . Three nontoxigenic strains (previously identified as C. subterminale AL 4422 and AL 16525 and C . hastiforme AL 12677) were closely related to strain BL 4853. These 12 strains were designated DNA relatedness group (DRG) 1. Two strains, NH 137 and NH 138, were 53% related to BL 4853, with 9.5% divergence. Nineteen other strains, including C. botulinum types A, B, and F, C. sporogenes, and two unclassified, toxin-producing clostridia, were less than 25% related to BL 4853.
The remaining nine strains previously identified as C. subterminaze formed four additional DRGs ( Table 3 ). The two replicates of the C. subterminale type strain comprised DRG 2. Strain AL 14431 was provisionally included in this group on the basis of borderline species relatedness to the two type strain isolates, although this reaction was not reciprocal when DNA from the type strain was labeled ( Table 3) . Strains NH 137 and NH 138 formed DRG 3, which showed borderline species relatedness of 68 to 74% to C. botulinum type G DRG 1 at 50°C (although the reciprocal relatedness level when labeled DRG 1 DNA was used was 53% [ Table 21 ) but were distinguished from it by high divergence values (7.5 to 9%) and lower relatedness values (41 to 51%) in 65°C reactions. Strains NH 134 and NH 239 formed DRG 4, which was less than 20% related to the other strains tested. DRG 5 contained only strain AL 750. DNA from strain AL 14764 was not available when the strain AL 750 group was identified. This organism was provisionally included in the strain AL 750 hybridization group on the basis of phenotypic similarity (see below). The type strain of C. hastiforme (BL 485ST) and strain AL 1449 were not related to each other or to any of the other organisms against which they were tested (Table 4); the former was designated DRG 6, and the latter was designated DRG 7.
The levels of relatedness of C. botulinum type A and C. sporogenes to each other and to the other clostridia in this study are shown in Table 5 . The three proteolytic strains of toxin types A, B, and F of C. botulinum were closely related (85 to 92%), but showed less than 20% relatedness to C . botulinum type G or to the other clostridia. In reciprocal reactions, proteolytic strains of C. botulinum types A, B, and F were 61 to 72% related to C . sporogenes at 50"C, with 4.5 to 5.5% divergence, and about 45% related at 65°C. The DRGs determined in this study are summarized in Table 6 . ' RBR, Relative binding ratio. For entries with more than one strain, the range is given.
Phenotypic characterization. All of the strains in the seven DRGs of the C . botulinum type G-C. subterminale-C. hastiforme complex were anaerobic, gram-positive rods with or without spores. All were asaccharolytic and proteolytic (as determined by milk digestion) and produced acetic, isobutyric, butyric, and isovaleric acids in peptone-yeast extractglucose medium. They were all negative in tests for fermentation of sugars; production of catalase, urease, lipase, deoxyribonuclease, and indole; and hydrolysis of starch and esculin. They were also all negative for the following five enzyme tests in two rapid microsystems: a-glucosidase, P-glucosidase, a-galactosidase, P-galactosidase, and a-arabinosidase.
All strains liquefied gelatin and degraded the arginine and serine substrates in the microtest systems. All strains except AL 750 and AL 14764 (DRG 3, which produced phenylpropionic (hydrocinnamic) acid, produced phenylacetic acid. One strain in DRG 1 (BL 4422) was weakly positive for lecithinase.
Differential phenotypic characteristics for distinguishing the DRGs are shown in Table 7 . DRG 1 was distinguished from DRGs 2 through 7 by the production of indole derivative. DRG 5 was recognized by its production of phenylpropionic instead of phenylacetic acid; it also produced valeric and isocaproic acids, which none of the other DRGs produced. The following five of the tests in the microtest systems appeared to be helpful for distinguishing the remaining groups: a-fucosidase, proline aminopeptidase, and pyroglutamic acid aminopeptidase in both systems, leucine aminopeptidase in the AN-IDENT system, and N-acetylglucosaminidase in the RapID ANA system. The differential characteristics, which must remain tentative until additional strains can be tested, are listed in Table 7 . 
DISCUSSION
A bacterial species has been defined as a group of strains which show 70% or more relatedness at an optimal incubation temperature with 0 to 5% divergence in related sequences and 60% or more relatedness at a stringent incubation temperature (1, 24) . Among the 23 asaccharolytic clostridial strains we identified seven species, five of them new, on the basis of DNA relatedness. Each of the species was phenotypically distinct. All available isolates of C. botulinum type G were very closely related to each other and were clearly a species that was separable from the type strain of C. botulinum (ATCC 25763), which belongs to the so-called group I (proteolytic) subdivision of organisms that produce botulinal neurotoxin (22).
Serological cross-reactions between C . botulinum type G and nontoxigenic clostridia have been reported in enzymelinked immunosorbent assays with strains AL 16525 and AL 12677 (14) and for fluorescent antibody reagents with strain AL 4422 (10). These three nontoxigenic strains were in the same DRG as all of the strains of C . botulinum type G, although they showed more divergence than the type G strains. DRG 1 is a new species that includes toxigenic and nontoxigenic strains. Although toxigenic type G strains have not been isolated in the United States, it appears that nontoxigenic variants of the same species have been isolated from clinical specimens in this country, as AL 4422 was isolated from a blood culture in New Jersey, AL 12677 was isolated from a wound in Texas, and AL 16525 was isolated from a wound in Mississippi (Table 1) . One strain, AL 14764 (Table l) , had the same characteristics as DRG 5, but unfortunately insufficient DNA was recovered from the strain to use it in sufficient hybridization tests for positive placement. It was not tested for relatedness to strain NH 137, A1 740, or AL 1449. It was excluded from DRGs 1, 2, 4, and 6 because it did not bind labeled DNA from the reference strains of those groups. Lack of substantial DNA relatedness to DRG 1 excludes it from DRG 3. Thus, AL 14764 has to belong to DRG 5, DRG 7, or an independent group.
Because of the phenotypic similarity of C . botulinum type G to C . subterminale and C . hastiforme, it has been speculated that there may be a relationship among these organisms similar to that which exists between C. botulinum group I and C. sporogenes (i.e., the former is probably a toxigenic variant of the latter). There is evidence that C. sporogenes exhibits heterogeneity in that some strains are genetically indistinguishable from C . botulinum toxin type A and another group is clearly unrelated (13, 21, 25) . In one study Table 1 . Provisionally included on the basis of phenotypic similarity although DNA relatedness experiments were not done on this strain. ' RapID ANA system.
(13), labeled DNA from C. botulinum strain A62 was 48 to 100% related to six C. sporogenes strains (the levels of relatedness were 86 to 100% to three strains and 48 to 60% to the other three strains). The level of divergence was approximately 0 to 9% (25) . In another study (21) , labeled DNA from C. botulinum A190 was 66 to 91% related to 16 C. sporogenes strains (the levels of relatedness were 81 to 91% with 1.4% divergence or less to nine strains and 66 to 70% with, when tested, divergence of 7% to the other seven strains). These studies were done prior to 1980 and used different strains. We used labeled DNA from type strains of both C. botulinum and C. sporogenes, which were defined in 1980. The type strains are related at the level of subspecies or two closely related, but separate species. An in-depth study of C. botulinum (other than toxin type G) and C. sporogenes is obviously needed in order to classify them accurately.
The names C. subterminale and C . hastiforme can properly be applied only to the organisms in DRG 2 and DRG 6, respectively, since their type strains are in these DRGs. The five other DRGs require proper specific epithets. DRGs 3 , 4 , 5, and 7 contain so few strains that formal nomenclatural proposals will have to wait uhtil further studies are performed on larger numbers. Until that is accomplished, these may be referred to as Clostridium spp., asaccharolytic, DRG groups 3, 4, 5, and 7.
The 12 strains in DRG 1 (9 strains that produce botulinal toxin type G and 3 strains that are nontoxigenic) are genetically and phenotypically distinct from other strains of C. botulinum and all of the other clostridia tested. It is well established that botulinal toxin production is a poor parameter on which to base species identification. We point out that organisms resembling Clostridium baratii (11) and Clostridium butyricum (19) have been isolated from stools of infants with botulism and have been shown to produce botulinal neurotoxins. These organisms were implicated as the cause of illness in each case. Genetic studies have shown that the isolated toxigenic organisms are closely related to the type strains of the species which each resembles phenotypically (Suen et al. J. Clin. Microbiol., in press). Thus, classification by toxigenicity, as has been done for the heterogeneous species C. botulinurn, becomes obsolete as new scientific evidence is obtained. In view of these data and observations, and in the absence of any valid, compelling reason to retain DRG 1 strains in C. botulinum, we propose a new species, Clostridium argentinense (ar.gen.tin.en'se. N. L. neut. adj. argentinense, coming from Argentina). The name was chosen because the first toxigenic strain was isolated from Argentinian soil by Domingo F. Gimenez and Albert0 S. Ciccarelli (9) .
Clostridium argentinense sp. nov. is a motile, peritrichous, anaerobic, gram-positive rod, with or without spores (9). Cells are straight to slightly curved rods, 1.6 to 9.4 km long and 0.5 to 2.0 pm wide (5). Small,.smooth colonies and large, rough, fried-egg colonies are often formed on blood agar anaerobically at 37°C after 48 h (5). On rabbit blood the colonies are P-hemolytic, while on sheep blood hemolysis is weak or absent. The organism is proteolytic (as determined by milk digestion) and gelatinolytic and produces acetic, isobutyric, butyric, isovaleric, and phenylacetic acids in peptone-yeast extract-glucose medium. It does not ferment sugars and is negative in tests for hydrdlysis of starch and esculin and for production of catalase, urease, lipase, deoxyribonuclease, and indole. Strains may or may not produce a neuroparalytic toxin that can cause botulism when it is administered to laboratory animals; the toxin is neutralized with type G botulinal antitoxin. C. argentinense is distinguished from C. subterminale, C. hastiforme, and other asaccharolytic, proteolytic clostridia by production of a derivative of indole that is detectable with a p-dimethylaminocinamaldehyde reagent. The guanine-plus-cytosine content of the DNA is 28 to 30 mol%. This species has beeh isolated from soil, amniotic fluid, autopsy specimens, blood, and wounds in Argentina, Switzerland, and the United States. No documented association with botulism exists. The type strain is strain ATCC 27322, which was isolated from soil in Argentina (9); it has a guanine-plus-cytosine content of 29 mol%.
